Abstract: Introduction: Within Canada, injuries are the leading cause of death amongst children fourteen years of age and younger, and also one of the leading causes of morbidity. Low Socio Economic Status (SES) seems to be a strong indicator of a higher prevalence of injuries. This study aims to identify hotspots for pediatric Traumatic Brain Injury (TBI) and examines the relationship between SES and pediatric TBI rates in greater Vancouver, British Columbia (BC), Canada. Methods: Pediatric TBI data from the BC Trauma Registry (BCTR) was used to identify all pediatric TBI patients admitted to BC hospitals between the years 2000 and 2013. Spatial analysis was used to identify hotspots for pediatric TBI. Multivariate analysis was used to distinguish census variables that were correlated with rates of injury. Results: Six hundred and fifty three severe pediatric TBI injuries occurred within the BC Lower Mainland between 2000 and 2013. High rates of injury were concentrated in the East, while low rate clusters were most common in the West of the region (more affluent neighborhoods). A low level of education was the main predictor of a high rate of injury (OR = 1.13, 95% CI = 1.03-1.23, p-Value 0.009). Conclusion: While there was a clear relationship between different SES indicators and pediatric TBI rates in greater Vancouver, income-based SES indicators did not serve as good predictors within this region.
Introduction
Within Canada, injuries are the leading cause of death amongst children fourteen years of age and younger and also one of the leading causes of morbidity. Over the last five decades, Canada, like many other western countries, has seen a 50% decline in childhood injuries [1] ; however, low socio economic status (SES) seems to be a strong indicator of a higher prevalence of injuries among children [2] [3] [4] .
Despite a declining absolute number of injuries across the SES spectrum in recent years, emerging research shows a widening in the gap between rich and poor in terms of injury prevalence [1] .
Injuries are unique in that they are always externally caused. As a result, they are directly influenced by the physical and social environment [5] . Physical and social environments can influence the injury rates in a variety of ways. For example, children of low SES and students attending schools in low SES neighbourhoods experience a greater number of severe injuries [6] . Children with low SES typically live in older, less well-maintained homes and may, as a consequence, face a greater risk of exposure to lead poisoning and house fires [7] . Epidemiological studies examining the relationship between SES and injury rates typically use various measures of SES. The most common are income, employment, level of education, housing, and demographics. SES variables can also be combined by creating a deprivation index [8] .
Traumatic Brain Injuries (TBI) are the most common cause of mortality amongst pediatric patients, causing approximately 75% of the injury-related deaths [9] . Patients recovering from TBI are also likely to have some type of long term disability. In fact, approximately half of these patients will develop cognitive, emotional or behavioural problems [10] . In Canada, the financial cost of recovery from TBI is estimated at $93,000 in the first year alone [11] . The high cost of recovery, coupled with the higher incidence of TBI amongst children and families with low socio economic status (SES), suggests that TBI may have a greater impact on this population. [12, 13] .
The study reported here identified hotspots for pediatric TBI and examined the relationship between SES and pediatric TBI rates in greater Vancouver, British Columbia (BC), Canada. More specifically, the study sought to identify those census variables most closely associated with high rates of pediatric TBI.
Methods

Data
Pediatric Traumatic Brain Injury (TBI) data from the BC Trauma Registry (BCTR) was used to identify all pediatric TBI patients admitted to BC hospitals between the years 2000 and 2013. The primary variables within the data included patient place of residence, age, gender, injury mechanism, intent and injury severity score (ISS). All patients with an ISS of 12 and over were included in the data as such injuries are severe enough to warrant admission to hospital. All locations were geocoded using DMTI geopinpoint [14] . The study area encompassed the greater Vancouver region between West Vancouver and Hope (Figure 1 ). The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committees of the University of British Columbia and Simon Fraser University.
Population variables (namely, the number of children aged 0-18), at the dissemination area (DA) level were taken from the 2006 Canadian census gathered by Statistics Canada. The number of injuries within each DA was calculated using a spatial join and a crude injury rate was calculated for each DA using the population of children aged 0-18 as the denominator. Census data at the DA level was also used to examine the relationship between SES and injury rate. Each DA is generally composed of neighbouring streets that host somewhere between 400 and 700 residents [15] . SES census variables used as potential predictors for injury rate included: percentage of the population 15 and over with no high school diploma, median income and average income (both of which were divided into 10 incremental groups beginning with 0-10,000 and continuing up to 90,000-100,000. A separate value was used for those with income over 100,000), percentage of people identified as Aboriginal within the population, unemployment rate, and the percentage of non-detached housing. All potential census variables were chosen based on the systematic review by Bell et al. which examined the most common SES census variables used in injury research [16] . As a separate analysis, a popular composite SES index (the VANDIX) was used to examine the relationship between pediatric TBI rate and SES. The VANDIX is composed of seven variables taken from the 2006 census and used to construct a deprivation index at the DA level. The VANDIX has been demonstrated to be a reliable predictor in the assessment of SES and health status [17] . It provides a deprivation score from 1 to 5, with 1 being low and 5 being high.
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Geographic Variables
Two additional variables were created for use as potential predictors in both models. These included a 30 min driving time catchment around BC Children's Hospital, the Level I Pediatric Trauma Centre and only pediatric hospital for the greater Vancouver area, and a 1000 m buffer zone around each population-weighted DA centroid. The 30-minute driving time catchment was calculated using the ArcGIS network analyst function and the DMTI Route Logistics dataset. As BC Children's Hospital is located at the center of the city of Vancouver [18, 19] , all DA's within 30 min of the hospital were considered urban and all DA's more than 30-minutes away were considered suburban. This variable was created in order to capture disparities between east and west within Greater Vancouver (the west side is known to have higher SES) and to capture disparities between urban and suburban regions. Additionally, a buffer of 1000 m was created around each population-weighted DA, and the sum of the length of the roads within each buffer was calculated. This variable was created with the intention of providing an additional potential measure of urban vs. suburban as well as to provide a measure of traffic density around the population centers within each DA.
Hotspot Identification
In order to examine the degree of global spatial autocorrelation within the data, the ArcGIS Global Moran I tool was used. Because the DA's were relatively small in size, a spatial rate smoother [20] , as implemented in OpenGeoDa version 1.0.1 [21] , was used to adjust the crude injury rates. The spatial rate smoother uses rates from neighboring DA's for smoothing. A Local Moran I tool was used to determine local clusters and was then implemented on the smoothed surface.
Statistical Analysis
Using SPSS statistical software [22] , negative binomial (NB) models were created to assess the relationship between SES and injury rate. The first, examined how both individual census variables and geographic variables correlated with injury rate. The second used the VANDIX composite SES variables together with the geographic variables to assess the same relationship. A NB model was used because the outcome variable had a Poisson distribution (many DA's had a zero count of injuries) with over dispersion (the variance does not equal the mean) and NB models allow for this where Poisson models do not [23] . In the first model, variable selection was implemented by first examining the relationship between each individual census variable and injury rate (count/log (total kids age 0-18)). Only variables with a significant relationship at p < 0.2 were kept and included as potential variables in the final model. In the final model, only variables with a significant correlation of p < 0.05 were kept. The second model, simply examined the relationship between injury rate, as the dependent variable, and the VANDIX and geographic variables, as the independent variables. The VANDIX score was also used to explore differences in injury mechanisms between the deprived and the less deprived populations. The model residuals were examined in order to assess whether spatial dependency affected the results.
Results
Descriptive Analysis
Six hundred and fifty three severe pediatric TBI injuries occurred within the BC Lower Mainland between 2000 and 2013. Of the 653 injuries, 182 (27.8%) were sustained by girls. The largest gender-related difference in injury prevalence was between the age of 10 and 14 ( Table 1) . 335 of 653 (51.3%) TBI's were in children with very severe injury severity scores (ISS ě 25) with the remaining being moderately severe. The median ISS, stratified by age, are presented in Table 1 . The majority of injuries occurred in children between 15 and 18 years of age (249 of 653 (38%)). The most common causes of TBI were: motor vehicle collision (MVC) (351 of 653 (54%)), falls (170 of 653 (26%)) and assault (67 of 653 (10%)). As expected, there is a clear downward trend in injuries from falls as children get older, with falls being the primary cause of injury within the youngest age group (62%) and the least significant cause of injury within the oldest age group (7%). MVC are the number one cause of TBI's for children in age groups 5-9, 10-14 and 15-18 (62%, 71% and 65% respectively) but are responsible for only 17% of the injuries within the youngest age group. Intentional injuries (e.g., assaults) are most prevalent in the oldest age group (23%) followed by the youngest age group (7%) (non-accidental trauma). Overall, 12% of the injuries were intentional ( Table 2) . 
Hotspot Analysis
The Global Moran I analysis indicates the data to be moderately clustered (p value 0.076) over the study area. After applying spatial smoothing in order to highlight global spatial trends over the study area, clustering of high and low rates of injury were clearly apparent (Figure 1 ). High rate clusters were identified across the eastern part of the Lower Mainland around Mission and the Fraser Valley. Additionally, high clusters were seen in areas of Coquitlam, Surrey and on the North Shore. Low rate clusters of TBI were visible on the West side of Vancouver, as well as in Richmond and Tsawwassen.
Statistical Analysis
Individual Census Variables
The negative binomial (NB) regression for each individual independent variable showed a value of p < 0.2 for the following SES variables: average income, proportion Aboriginal, proportion with no high school diploma, DA within 30 min of BC Children's Hospital (rural vs. suburban) and the sum of roads within each 1KM DA buffer. As a result, only these variables were used as potential variables in the final NB model (Table 3) .
After trying several combinations of variables and comparing their AIC value, the final model included only two variables: proportion of people with no high school diploma and whether a DA was within 30-minutes of BC Children's Hospital (Table 4 ). The remaining three variables were excluded as they were no longer significant (at p < 0.05) when combined with other variables. The final model results indicated that for each 10% increase in the proportion of people with no high school diploma the rate of injury increased by 13%. Additionally, children who lived in an area more than 30-minutes (driving time) from BC Children's Hospital had a 21% greater chance of suffering a TBI (Table 4, Figure 2 ). 
Composite SES Model
The VANDIX composite SES variable was also highly correlated with injury rate when examined both individually and together with the geographic variable (within a 30-minute drive of the hospital). The final model indicated that for every increase in the VANDIX deprivation score (from 1 to 5) the rate of injury increased by 8% (Table 3 ).
An assessment of both model residuals, in terms of spatial autocorrelation, indicated that a spatial dependency did not exist (p > 0.05). This suggests there is no need to modify the model to address this issue.
Injury Mechanism and SES
An examination of injury mechanisms by socio-economic status, using the VANDIX deprivation score, demonstrated that 13% of the injuries in the more deprived DA's (DA with deprivation score 4 and 5) occurred as a result of assault as opposed to 8% in the less deprived DA's (score 1-3). Injuries from falls have an inverse relationship with SES, with almost 27% of the injuries in the higher SES areas resulting from falls versus 23% in the lower SES areas (Figure 3 ). Injuries from MVC have an almost identical percentage across the SES scores.
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Figure3
. Shows clusters of high rates of TBI, by injury mechanism. TBI as a result of motor vehicle collision (MVC) tend to cluster in the eastern part of the greater Vancouver (suburban) region while assault and falls tend to occur more often in the western part.
Discussion
This paper highlights the relationship between different SES indicators and pediatric TBI rates in greater Vancouver. A significant relationship is clearly visible when using both the VANDIX (composite SES variable) and education variables (not having a high school diploma) as predictors of injury. Income-based census variables seem to be a poor predictor of TBI rates. Even though, average 
This paper highlights the relationship between different SES indicators and pediatric TBI rates in greater Vancouver. A significant relationship is clearly visible when using both the VANDIX (composite SES variable) and education variables (not having a high school diploma) as predictors of injury. Income-based census variables seem to be a poor predictor of TBI rates. Even though, average income was somewhat significant (p = 0.176) when used individually, it had very poor predictive value when used in combination with other variables in the final model. Understanding why income is not a good predictor of injury rate is beyond the scope of this study, but it could very well be that income assistance and social programs for low income families reduce the risk of injury for these children. The results of this study can be generalized primarily to developed countries and, specifically, to locations where extreme poverty and poor living conditions are not really an issue. In such locations education level may be a better predictor for injury rate. Another variable demonstrating good prediction of injury rates is the percentage of Aboriginal people within each DA. This is not surprising, as it has been shown that children and youth residing in areas with higher percentages of Aboriginal people are twice as likely to be hospitalized when compared with children and youth in other areas. In addition, mortality rates as a result of injury are much higher amongst native children [24] [25] [26] . The percentage of people not having a high school diploma is likely a better predictor as it encompasses within it a large proportion of the Aboriginal population but also other vulnerable populations without education.
Epidemiological research examining the relationship between prevalence of pediatric TBI and SES has shown similar results. Tennant examined the relationship between TBI and SES across all age groups and found hospital admission rates (including children 0-18) increased by 17.4 percent for each one percent decrease in unemployment rate (age [16] [17] [18] [19] [20] [21] [22] [23] [24] . Similarly, admission rates increased by 11 per 100,000 for every one percent increase in single parent family rate [27] . Yates et al. also found a positive relationship between low SES and higher attendance in emergency departments as a result of head injury in pediatric populations. They demonstrated that children under 5 years of age in lower SES urban areas were particularly vulnerable to TBI [28] . Roberts et al, examining the likelihood of mortality from injuries, found that children in impoverished homes in England were 1.47 times more likely to die from pedestrian injury and 1.46 times more likely to die from fall injury than children with high SES, both of which are major cause of TBI's [3] . Injury severity also shows a similar trend. A study in Ontario, Canada, found that children from low SES homes were 1.75 times more likely to be admitted to a hospital for injuries occurring within the home and 1.42 times more likely to be admitted for fall injuries. There are several reasons why this relationship exists, most notably the relatively low use of helmets, car-seats and seatbelts as safety measures amongst low SES and less educated populations [2, 29, 30] . This suggests that prevention strategies should be directed to these populations within the specific geographic areas where higher rates of pediatric TBI exist.
The relationship between SES and pediatric TBI has been shown to persist even in the post-TBI rehabilitation stage. Several studies indicate that rehabilitation outcomes for children with TBI are much more favorable for children of higher SES. Yeats et al. indicated that the social competence scale (ability to get along with friends and siblings) of children recovering from TBIs is much lower for non-white and lower SES children. After studying the impact of TBI on children who were in injured in Ohio, they concluded that TBI rehabilitation results in poorer social outcomes for children of lower SES [13] . A similar study of TBI outcomes amongst Australian children found that low SES has an impact on long term social functioning even as children transition to adulthood [31] .
The prevention of TBI's among children and youth requires understanding of the contexts and environments in which these injuries occur. The places where children and youth live, learn, work and play have an impact on their injury experience, and those living and attending school in low SES neighbourhoods are disproportionately affected [6] . However, many of the neighbourhood and school characteristics related to risk of TBI can be modified. Efforts, such as free or subsidised safety helmet programs, and youth peer-mentorship programs that are aimed to address neighbourhood and school culture related to risk-taking attitudes and behaviours, bullying, and driver education, are examples. Continuing research programs are also needed to implement targeted injury prevention programs among low SES neighbourhood youth, including those living in suburban and more rural settings.
Study Limitations
This study has some limitations that are important to note. First; the injuries recorded in the injury data sets are recorded by place of residence rather than place of injury. Unfortunately; place of injury is not something that is currently captured by trauma datasets. As a result; there may be some inherent errors within the driving time calculations. There is currently no way to overcome this issue. That said, previous research has noted that most injuries do occur between 5 and 10 miles of home [32, 33] . In addition, as place of residence was used to extrapolate SES levels, it was necessary to use place of residence in this study. Finally, data for TBI injuries resulting in death, where the death occurs outside of the hospital, is also missing from this study. While this data is recorded in the vital statistics data for BC, it was unavailable for this study.
Conclusions
This study utilized advanced spatial analysis techniques to explore where injuries occur in high concentrations and to determine whether distinct social processes may help to explain the existence of these clusters. While there is a clear relationship between different SES indicators and pediatric TBI rates in greater Vancouver, this study indicates that income-based SES indicators do not serve as good predictors within this region.
